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ABSTRACT
Microplastic pollution is a major area of concern in marine environments, especially as
microplastics enter the food web. This study used pipe cleaners and two lichen species as
algal mimics, and Chaetomorpha sp. and Chondrus crispus as model algal species to test
the effects of morphology and biomass on microbead and foam capture. This study also
utilized two different water flow methods: vortices and waves. Results suggest that water
flow, as well as biomass and morphology, play a role in microplastic capture in
macroalgae. For all mimics and algal species, except Cladonia lichens, turfs with
increased biomass and length showed a trend, significant in some cases, to interact with
and retain more beads. For Cladonia, smaller turfs in the waves simulation retained
significantly more beads. Foam results were more varied with longer Cladonia capturing
significantly more foam, pipe cleaners showing no significant difference or trend, and
short Chaetomorpha sp. capturing significantly more foam. The complex results obtained
suggest the interaction of several factors in microplastic capture and the need for future
research in this area to develop pollution mitigation strategies and decrease the entrance
of microplastics into the food web.
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Introduction
Microplastics are synthetic polymer particles less than 5 mm in size (Frias and
Nash 2019). Microplastics originate from primary sources, such as plastic pellets used in
plastic production, or from secondary sources in the form of breakdown of larger plastic
debris. Analysis of microplastic abundance and structure in the field suggests that most
microplastics are formed from fragmentation of other plastics by ultraviolet radiation,
physical weathering, and/or microbial degradation (Liu et al., 2021; Qian et al., 2020).
In wetlands, sewage, aquaculture wastes, and runoff are the major sources of
microplastics (Qian et al., 2020). Dense vegetation and other factors can slow down and
trap plastics, facilitating the creation of secondary microplastics, which raises concerns
for microplastic presence in marshes (Qian et al., 2020). Many studies have shown that
biotic components, including macroalgae, consistently have higher concentrations of
microplastics than the abiotic components in their environments (Feng et al., 2020b;
Saley et al., 2019; Zhang et al., 2022). Higher concentrations in macroalgae relative to
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seawater or sediment suggests that macroalgae may be a sink for microplastics. In fact,
the surface of freshwater and saltwater macroalgae has been shown to sequester
microplastics in both laboratory and field studies (Gutow et al., 2016; Peller et al., 2021,
Saley et al., 2019; Seng et al., 2020; Zhang et al., 2022).
Biomass, thallus structure, and branching pattern seem to play important roles in
microplastic adhesion; algae with larger biomass and more structurally complex thalli
adsorb more microplastics than algae with simpler, less dense filaments (Gutow et al.,
2016; Zhang et al., 2022). A comparison of microplastic capture in two branched species,
the thick foliose Sargassum horneri and thin tubular Ulva prolifera, revealed that U.
prolifera, with longer slender branching and larger surface area, had a higher microplastic
loading capacity (Zhang et al., 2022). In the same study, S. horneri trapped fewer and
different types of plastic than U. prolifera, which suggests that different thallus sizes and
other morphological characteristics can impact the type and abundance of microplastics
captured (Zhang et al., 2022). Morphology of air sacs, for example, may give certain
species like U. prolifera a higher probability of sequestering microplastics by causing
more twining, embedment, and wrapping of plastics than in the thalli alone (Feng et al.,
2020a; Zhang et al., 2022). Air sacs and branching, like that seen in U. prolifera, increase
algal surface area which allows the alga to trap more microplastics (Gao et al., 2020).
Morphological differences within a species may be even more important than larger
species differences (Cozzolino et al., 2022). Within Fucus guiryi, two local
morphological types showed different microplastic capture patterns in both the field and
lab with varying significance at the individual and canopy levels (Cozzolino et al., 2022).
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In F. guiryi, the morphotype with longer fronds and less bushy structure showed higher
abundance of microplastics (Cozzolino et al., 2022).
Patterns of microplastic capture in macroalgae suggest that, along with thallus
morphology and surface structure, algal mucus may be a factor in the capacity of
macroalgae to trap microplastics (Feng et al., 2020b; Gutow et al., 2016; Zhang et al.,
2022). There is a positive correlation has between exopolysaccharide content and
microplastic adherence in some macroalgae (Sfriso et al., 2021). Even within a species,
individuals with more exopolysaccharides show a higher propensity for microplastic
adherence, suggesting the importance of algal secretions for microplastic capture (Sfriso
et al., 2021). A study of microplastic adherence to a north Atlantic brown alga, Fucus
vesiculosus, found that more microbeads and fibers adhered to hydrated algal pieces than
desiccated pieces, suggesting that preservation of the mucus layer contributes to the
adherence of microplastics (Gutow et al., 2016). The green alga U. prolifera produces
considerably more mucus and sequesters more microplastics than the S. horneri, further
supporting the idea that mucus may play an important role in microplastic capture (Zhang
et al., 2022).
In microalgal species, the adherence of microbeads to the algal surface has been
shown to depend on the morphology and motility of the algae and the charge of the
plastic particles, with positively charged plastics being adsorbed to algal cell walls more
than negatively charged plastic particles (Bhattacharya et al., 2010). This suggests the
possibility that particle charge and the characteristics of algal cells may play a similar
role in the adhesion of microplastics to macroalgae. Some macroalgae, like freshwater
Cladophora spp. in the Great Lakes, have been shown to bio-adsorb microplastics in the
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natural environment (Peller et al., 2021). This bio-adsorption can change the fatty acid,
hydrocarbon, and chlorophyll makeup of algae; negatively impact algal growth; and
possibly have negative impacts on photosynthesis (Guschina et al., 2020). Even a single
celled alga, Chlorella sp., showed a significant decrease in CO2 uptake, indicating
decreased photosynthesis, upon being exposed to higher concentrations of polystyrene
microbeads (Bhattacharya et al., 2010). Bio-adsorption of microplastics can also prevent
the normal adsorption of diatoms and other phytoplankton to the surface of the alga,
which has the potential to impact structure and other algal characteristics (Peller et al.,
2021). Microplastics can also penetrate the surface of macroalgae, especially in those
with lower cellulose contents, and become harder to dislodge (Zhang et al., 2022).
In addition to algal structure and biomass, microplastic capture may be impacted
by microplastic distribution patterns in the environment. Coastal currents, distance from
shore, seasonal factors, and proximity to human activity, mariculture, and industry have
all been related to microplastic abundance both in seawater and in macroalgae (Lestrade
2020; Li et al., 2020; Liu et al., 2021; Lloret et al., 2021; Sfriso et al., 2021; Zhang et al.,
2022). A study of microplastics present on commercial nori, for example, showed a
significant positive relationship between the average amount of microplastics found in
nori to the quantity of microplastics in seawater (Liu et al., 2020). Mariculture, which is
vital for food production and other activities, is a major contributor of microplastics due
to the use of plastic netting and equipment and, as a result, cultured species like Pyropia
yezoensis show higher concentrations of microplastics in the culture periods than species
present in the non-culture periods (Feng et al., 2020b). Depending on the area and its
proximity to mariculture and other human activities, macroalgal blooms have shown

6

different patterns of microplastic loading with distance and migration from shore (Feng et
al., 2020a; Zhang et al., 2022). Sometimes, macroalgal blooms closer to shore have
higher microplastic abundance because of their larger biomass and nearshore areas tend
to have larger concentrations of microplastics in seawater (Zhang et al., 2022). In other
cases, however, microplastic abundance within a bloom can increase with migration
distance when microplastics are attached enough to be carried along away from shore in
addition to the bloom accumulating more algae on the journey (Feng et al., 2020a).
The entanglement of microplastics in algae has potential consequences for aquatic
food webs. Algae may be vessels for microplastics to enter the food web due to the
increased presence of microplastics in macroalgae (Saley et al., 2019; Zhang et al., 2022).
Feeding assays demonstrated that the common periwinkle snail, Littorina littorea, did not
discriminate between algae with and without microplastics, which resulted in
microplastic presence in their stomach and gut (Gutow et al., 2016). A study on
Sargassum nursery habitats, showed that the Sargassum had higher microplastic
concentrations than the surrounding water and that several fish species that fed in the
habitat contained microplastics (Lestrade 2020). The risk of ingesting microplastics
extends to humans as edible species like U. prolifera, S. horneri, and nori have been
found to acquire microplastics in the natural environment and during industrial
mariculture and processing (Liu et al., 2021; Zhang et al., 2022). Although evidence is
still being collected on the effects of microplastic ingestion, it has been shown that
microplastic ingestion by some animals can cause changes in feeding behavior, decreased
reproductive success, inflammatory immune responses, lipid accumulation in the liver,
decreases in energy reserves and growth, and possible absorption of microplastics into
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other parts of the body (Cole et al., 2011; Cole et al., 2013; Cole et al., 2015; Lu et al.,
2016; Wright et al., 2013). Ingestion of microplastics in copepods (Crustacea) has been
shown to reduce feeding rates, possibly impair digestion, and decrease egg hatching
success even when egg production and overall survival are unaffected (Cole et al., 2013;
Cole et al., 2015). In juvenile gray triggerfish (Balistes sp.), it has been shown that the
microbiome present on ingested microplastics can alter the fish’s gut microbiome, which
could cause adverse health effects (Lestrade 2020). Because of the possible impacts on
consumers, the possibility of macroalgae as a vector of microplastics into the food web is
concerning.
Ultimately, knowledge about microplastic trapping by macroalgae is important
not just for human and animal diets, but also for pollution mitigation. Several studies
have suggested that, due to their sequestration of microplastics, macroalgae could be a
key biomonitoring tool and a possible strategy to reducing microplastic pollution by
strategic algal bloom removal (Feng et al., 2020a; Feng et al., 2020b; Gao et al., 2020;
Sfriso et al., 2021; Zhang et al., 2022). Specifically, macroalgae that is attached to a
substrate and has less mobility may make an especially good biomonitoring species
because it will be a more direct representation of its habitat than a species like a fish or
zooplankton that may migrate or drift to different habitats (Feng et al., 2020b). Some
species of macroalgae, like U. prolifera, have shown negative growth and photosynthetic
impacts only at high microplastic concentrations which makes them ideal species for
collection and removal of microplastics because they can trap a high quantity of
microplastics for a considerable time before bloom removal without suffering adverse
effects or beginning to decay (Feng et al., 2020a). Importantly, while living algae has
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been shown to be a sink of microplastics, the decomposition of macroalgae may be an
important source of microplastics back into the environment which emphasizes the
importance of strategic removal and knowledge about plastic loading capacity (Peller et
al., 2021; Sfriso et al., 2021; Zhang et al., 2022). Learning more about how morphology
impacts plastic loading capacity can help guide mitigation decisions by determining the
best timeline and species for monitoring and removal.
To investigate how algal density and morphology influences microplastic
adherence, I conducted lab studies using pipe cleaners and lichens as algal mimics and
compared results to the green macroalga Chaetomorpha spp. and the red macroalga
Chondrus crispus. Because the pipe cleaners and lichens mimic the structure of
macroalgae but lack the same mucus and cuticle, investigating their ability to trap
microplastics as a comparison to real algal species could reveal more about the roles of
structural and chemical components in microplastic loading. Based on previous studies, I
hypothesized that algal mimics and algae with denser and more complex structure would
trap more microplastics than those with less dense, simpler structures. The lichens used
have a similar structure to branching foliose algae, therefore I expected them to show
similar trapping patterns as C. crispus. Denser macroalgae with more complex structures
have more surface area and crevices to trap microplastics, which leads me to predict that
denser mimics will trap more plastics. Comparing between branched and unbranched
species, I predicted that branched species would accumulate more microplastics than
unbranched species. Previous studies have shown that algae with more complex
morphology are more likely to trap microplastics (Gutow et al., 2016; Saley et al., 2019)
and I expect our study species to show the same pattern. Similarly, I predict that mucus
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producing species like C. crispus will show higher abundances of microplastics than
mimics or other, less sticky species, due to the precedent of increased algal mucus being
associated with higher microplastic loading ability (Feng et al., 2020a; Gutow et al.,
2016; Zhang et al., 2022).

Methods
Vortices experiments
To simulate water vortices, I placed a dowel vertically into a beaker and anchored
the dowel to a wire secured across the center of the beaker opening. Each algal mimic
was attached to the dowel and submerged in 600 mL of deionized (DI) water so that the
algae was submerged 1 cm below the water line. To this apparatus, either foam (0.1980.202 g) or microbeads (20) were added. To ensure full saturation of foam, the vials were
filled with DI water and allowed to soak for at least a week. The vials of microbeads were
also filled with DI water just before each trial to facilitate transfer to the beaker. Vials of
either foam or beads were vortexed for 15 sec before transferring to the beaker, and any
foam or beads remaining in the vial were washed out into the beaker with DI water. I then
swirled the apparatus for 30 sec, allowed it to rest for 30 sec, and swirled again for 30
sec. After this, the mimic was removed, and the water vacuum filtered through a preweighed Whatman 2 filter paper. For the foam, the paper was allowed to dry for two
weeks and weighed at the end of each week. For the beads, number of beads in the lichen
and on the filter, were counted and returned to a vial for future trials.
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Reindeer Lichen (Cladonia)
We used decorative Cladonia lichens (Supermoss) as mimics for algae to test the
ability of different sizes and densities of lichen to trap two varieties of microplastics:
beads and styrofoam particles. The lichens were initially sorted and trimmed to a
standardized circular shape (d = 5 cm). Lichens were then weighed to determine weight
ranges to standardize biomass density. Lichens were then trimmed again to fit within
these weight ranges with large density being within (0.8 - 1.0 g) and small density being
within (0.5 – 0.7 g). Trimming and weighing yielded 20 small lichens and 25 large
lichens (N = 45).
Wave experiments
To test a water flow simulation of waves, I glued two zip ties to the bottom of one
end of a rectangular plastic container placed on top of a rocker. I used 1 cm2 squares of
window screening to secure the turf. The turfs were held in place in the container by the
zip ties. For each trial, the container was filled with water (DI or saltwater depending on
species) just to the height of the turf. Plastics—either foam or beads—were vortexed for
15 sec and transferred into the container on the same end as the turf. The rocker was then
allowed to run on medium speed for 2 min. At the end of the trial, the foam and beads
were filtered and measured as described above. Additionally, beads that interacted with
the turfs (entered and then exited) during the trials were counted. Due to smaller sample
sizes, some mimics and algae were reused by running bead trials first, rinsing and
removing any remaining beads, and then using the same turfs for foam trials.
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Pipe Cleaners
Pipe cleaners were cut to 1 cm segments and trimmed to have a flat bottom with
bristles sticking up to a final height of 1.5 cm (n = 20), for the long treatment, or trimmed
to 0.75 cm (n = 20) for the short experimental group. These turfs were individually
secured to window screening with hot glue and rinsed with tap water to remove any loose
bristles or debris. After being allowed to fully dry, the turfs were subjected to bead trials
(n = 20) and foam trials (n = 20).
Reindeer lichen (Cladonia)
Cladonia lichens (n = 21) were cut to the standard diameter and trimmed to the
standard densities from the beaker trials. The individuals were hot glued to the window
screening squares with a density of one individual/cm2 with a weight in the small range
as defined above. These turfs were subjected to bead and foam trials.
Native lichens
To test another potential algal mimic, we acquired native lichens, with a similar
structure to our prospective algae, from trees and the side of the greenhouse on campus.
Lichens were separated into smaller branches and hot glued to the window screening
squares to create turfs (N = 10) with a total density of 12 branches/cm2. The turfs were
created in long and short categories of approximately 3 cm and 1.5 cm, respectively.
Chaeotmorpha sp.
Chaetomorpha sp. was purchased from an online retailer and maintained in the
lab. Long filaments (~8 cm) were threaded through the window screening squares to
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create an algal turf approximately 4 cm in length with a density of 24 filaments/cm2 (n =
5). Salt water (30 ppm) was used to fill the container just to the height of the top of the
turf. Trials were run as described above. Instead of discarding the turfs after the first
round of foam and bead trials, they were thoroughly rinsed to remove any foam debris
and were then each cut down to approximately half their size which created final short
algal turf heights of approximately 1.75 cm. These algal turfs (n = 5) comprised the short
experimental group. The turfs were put through the same foam and bead trials as
described above.
Chondrus crispus
Chondrus crispus was sorted into two branching categories: narrow branch widths
with intermediate branching density and wide branches with less dense branching. Algae
within each category were sorted into long and short turfs and a single individual was hot
glued to each window screening square. Length categories were determined based on
available lengths with the short lengths approximating half the length of the long turfs.
For the intermediate branching, long was defined as 8.9 ± 0.6 cm and short as 4.5 ± 0.5
cm. For broad branching, long was defined a 10 ± 1 cm and short as 5 ± 0.5 cm. C.
crispus (N = 20) was then tested with foam and beads using the same methods as
described above except with salt water at 35 ppm.
Statistical Analysis
Data from each experiment were analyzed via t-test, Welch’s t-test, or one-way ANOVA,
as appropriate. For foam experiments, when negative numbers for foam captured were
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obtained, due to inconsistent drying and filter absorbances, either the week one, week
two, or an average of both was used to represent the fewest negative values.

Results
Vortices Experiments
Reindeer Lichen (Cladonia)
Mean beads retained by Cladonia lichens was significant (Kruskal-Wallis, Χ2 =
6.4343, P = 0.0401, df = 2), but not enough to detect post-hoc pairwise differences
(Figure 1). The general trend demonstrated that small lichens in wave simulations tended
to retain more beads than either size in vortices (Figure 1). In contrast, large lichens in the
vortices captured significantly more foam than small lichens tested in either treatment (F
= 9.2076, P = 0.0013, df = 2, 21; Figure 2).

Mean Beads Retained
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2.5
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Large Vortices

Small Vortices

Small Waves
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Figure 1. Mean beads retained by Cladonia lichens in both vortices and waves

Mean Foam (g)

simulations. Large and small refer to lichen weight. Error bars represent standard error.
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Figure 2. Mean foam captured (g) for Cladonia in vortices and waves simulation. Large
and small refer to lichen weight. Error bars represent standard error and letters represent
statistical significance (Tukey post-hoc test, p < 0.05).
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Waves Experiments
Pipe Cleaners
A Welch’s t-test showed that significantly more beads were stuck in the short pipe
cleaners (t = 2.8347, P = 0.0151). Short pipe cleaners on average retained more than five
times the amount of beads as long pipe cleaners (Figure 3). However, significantly more
beads interacted with long fibers than short fibers (t = -2.91789, P = 0.0092; Figure 4). In
foam experiments, there was no significant difference in foam present on the filters
between long and short pipe cleaners (t = 0.1907, P = 0.8515; Figure 5). The foam that
remained on the filters is inversely proportional to the amount of foam captured by the

Mean Beads Retained

pipe cleaners but still represents the general trends between pipe cleaner lengths.
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1.2
1
0.8
0.6
0.4
0.2
0

B
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Length

Figure 3. Mean beads retained by pipe cleaners in wave simulations. Error bars represent
standard error and letters represent statistical significance.
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Mean Beads Interacted
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Figure 4. Mean beads that interacted with the pipe cleaners during the wave simulations.

Mean Foam on Filter (g)

Error bars represent standard error and letters represent statistical significance.
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Figure 5. Mean foam present on filters (g) for pipe cleaners in wave simulations. Mean
values are inversely proportional to foam captured. Error bars represent standard error.
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Native Lichens
There was no significant difference in beads retained (t = -1.766, P = 0.1153, df =
8, Figure 6) or bead interactions (Kruskal-Wallis, Χ2 = 0.0571, P = 0.811, df = 1, Figure
7) between long and short turfs for the native lichens. Although not statistically
significant, the long native lichens showed a trend of both ensnaring and retaining more

Mean Beads Retained

beads than short native lichens (Figures 6 and 7).

1.2
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0.2
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Long
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Lichen Turf Length

Figure 6. Mean beads retained by native lichen turfs in waves simulations. Error bars
represent standard error.

Mean Bead Interacted
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Figure 7. Mean beads that interacted with native lichens in wave simulations. Error bars
represent standard error.

Chaetomorpha sp.
Chaetomorpha sp. turfs failed to retain any beads; all beads that entered the algae
were washed back out by returning waves. Counting the total amount of beads that
interacted with the algae, however, yielded the result that long Chaetomorpha sp. turfs
interacted with significantly more beads during the trials than the short turfs (t = -3.042, P
= 0.016, df = 8; Figure 8). In foam trials, there was no significant difference in foam
captured between long and short turfs, but there was a unique trend of shorter turfs
accumulating slightly more foam (X2 = 2.6889, P = 0.1011, df = 1; Figure 9).

Mean Beads Interacted
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Figure 8. Mean number of beads that interacted with Chaetomorpha sp. turfs during the
wave simulations. Error bars represent standard error and letters represent statistical

Mean Foam (g)

significance (Tukey post-hoc test, p < 0.05).
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Figure 9. Mean foam (g) captured by Chaetomorpha sp. turfs in wave simulations. Error
bars represent standard error.
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Chondrus crispus
For the C. crispus bead experiments, the number of beads stuck in the lichens was
not significantly different between lengths for neither broad (Χ2 = 1.000, P = 0.3173, df =
1, Figure 10a) or intermediate (Χ2 = 0.048, P = 0.8266, df = 1, Figure 10b) thallus width.
Although not statistically significant, the short broad thallus C. crispus retained no beads
while the long, broad C. crispus managed to retain some beads (Figure 11a). In C. crispus
with intermediate thallus width, significantly more beads interacted with long individuals
than with short individuals (Χ2 = 6.322, P = 0.0119, df = 1; Figure 10d). No significant
differences for bead interaction between lengths was found for the broad width category
(Χ2 = 3.1527, P = 0.0758, df = 1; Figure 10c).
For the C. crispus foam experiments, there was no significant difference found for
foam captured for either length in either thallus width category (Intermediate: Χ2 =
0.7024, P = 0.402, df = 1; Broad: Χ2 = 0.8890, P = 0.3457, df = 1). All C. crispus foam
values were negative which indicated an issue with the drying process and rendered the
data unusable.

Mean Beads Retained
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Figure 10. Mean beads retained in broad (a) and intermediate (b) thallus width Chondrus
turfs in waves simulations. Mean beads that interacted with broad (c) and intermediate (d)
width Chondrus during the waves simulation. Error bars represent standard error and
letters represent statistical significance.
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Discussion
Contrary to previous results from vortices simulations in pilot studies (S. Baker,
unpublished data), there was no significant difference for foam caught between short and
long pipe cleaners. This is also contrary to studies of algae that suggest longer algae
sequester more plastics than shorter algae (Cozzolino et al., 2022). Pilot study results
showed a significantly larger amount of foam was caught in the long pipe cleaners (S.
Baker, unpublished data) and this study yielded a very slight similar trend as long pipe
cleaners left less foam on the filter (Figure 5). The lack of significant difference in the
current study as compared to previous vortices studies may be due to the differing water
flow methods as the mimic material and size categories were the same. During the wave
simulation trials, I observed that a majority of the plastic that interacted with the turfs
consistently washed into the mimic on in the incoming wave and out of the mimic on the
returning wave. This observation was true for all algal species, mimics types, and
plastics. This differs from the vortices simulations where plastics had a chance to settle
into the crevices of the mimics during the 30 second rest period. The discrepancies in
plastic capture for pipe cleaners between water flow methods suggests the potential
importance of wave intensity and flow rate in plastic retention by macroalgae. For this
mimic, water flow may be more influential for microplastic capture than morphology.
The store-bought Cladonia lichens also showed discrepancies between water flow
methods. Although it could not be isolated, there was a significant difference in beads
retained across either water flow methods or size with a general trend that small lichens
in the wave simulations catch more beads (Figure 1). These results were contrary to my
prediction that larger lichens would retain more plastics due to higher biomass. Large
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Cladonia in the vortices experiments, however, caught significantly more foam than
small lichens in either simulation (Figure 2). These vortices results align with previous
studies that considered biomass and branching (Zhang et al., 2022; Gao et al., 2020;
Gutow et al., 2016) and suggested that larger biomass and more structural complexity
was related to higher plastic retention. Although Cladonia branching is relatively
uniform, it is densely branched with many crevices that increase surface area and could
enhance the entanglement and retention of plastics in a way similar to that described for
U. prolifera (Zhang et al., 2022). Expanding this experiment with a larger sample size
and testing large lichens in the wave simulation could elucidate the statistically
significant differences and possibly reveal larger trends tied to water flow or biomass.
Compared to the Cladonia lichens, the native lichens are less uniformly branched
and less dense overall. Unlike Cladonia, the native lichens showed no significant
differences in either interactions or bead retention (Figures 6 and 7) but showed a trend of
longer lichens interacting with and retaining more beads. This trend suggests the
possibility of length having a different effect on plastic capture than biomass as the
Cladonia showed the opposite trend. Cozzolino et al. (2022) suggested that variation
within a species may be more influential than variation between species in terms of
microplastic capture as longer F. guiryi individuals captured more plastics than shorter,
bushy individuals of the same species. Here, although not significant, the longer lichens
generally caught more beads than shorter lichens which aligns with previous study.
However, increasing sample size and completing statistical comparisons between species
could reveal significant trends and investigate interspecific versus intraspecific variation
in microplastic capture. This study had such a small sample size (N = 10) for the native
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lichens that increasing the sample size would likely be necessary to reveal significant
differences. Even without statistical significance, the trend of longer lichens capturing
more beads aligns with my predictions and previous studies that suggest increased
surface area and complexity increase microplastic capture capacity (Gao et al., 2020;
Gutow et al., 2016; Zhang et al., 2022). Specifically, these lichens resemble the slender
branches of U. prolifera used in Zhang et al., 2022, and it would be interesting to run
simulations comparing natural individuals to individuals that have some branches
stripped or to a similar species with a different branching pattern to investigate the
influence of branching on capture. The native lichens lack the algal mucus present in
species like U. prolifera and comparing between the two could elucidate the role of
mucus in plastic capture (Zhang et al., 2022).
Surprisingly, when using an actual alga, Chaetomorpha sp., in the wave
simulation, no beads were trapped in the turfs. This could be due to Chaetomorpha sp.
being an unbranched species, which may allow the beads to slide between the filaments
more easily. Zhang et al., 2022 described plastic capture as a process of algae holding
onto plastics that are harder to release and retaining plastics that become more securely
lodged in the algal structure. Chaetomorpha sp. may be a prime example of this as the
smooth uniform beads, although ensnared during incoming waves, were easily released
with returning waves. Looking at the number of beads that interacted with the turfs, the
longer turfs interacted with significantly more beads than shorter turfs (Figure 8), which
supports both my predictions and findings of other studies about algal length and plastic
capture (Cozzolino et al., 2022). Contrastingly, the results for the foam trials did not
support my predictions as there was no significant difference for foam captured between
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long and short turfs (Figure 9). Even the trend was contrary to predictions and the
Cozzolino et al. (2022) study as shorter turfs caught more foam than longer turfs (Figure
9). Because this trend mirrors that seen in the Cladonia lichens (Figure 2) tested in the
wave simulations, it is possible that water flow is an important factor in patterns of
microplastic capture and, in some cases, may outweigh morphology effects. These
experiments also had an extremely small sample size (N = 10) due to the time intensive
turf preparation, thus expanding the sample size could reveal significant trends in foam
capture.
C. crispus, unlike the Chaetomorpha sp., did manage to retain some beads but
showed no significant difference between lengths for either thalli width category (Figure
10a and 10b). C. crispus produces more mucus than Chaetomorpha sp. and is more
structurally complex with more branching. This may explain why C. crispus was able to
retain beads while Chaetomorpha sp., could not. Studies have suggested that algae that
produce more mucus have higher microplastic loading ability (Feng et al., 2020b; Gutow
et al., 2016; Sfriso et al., 2021; Zhang et al., 2022). The mucus produced by C. crispus
may have played a role in bead capture by making the algae sticky and the beads harder
to dislodge. Future research with expanded sample sizes may reveal significant
differences in bead capture and, following a similar design to Gutow et al. (2016), could
compare between desiccated and hydrated C. crispus to further explore the role of algal
mucus. C crispus also has a softer surface than Chaetomorpha sp., which also may play a
role in its enhanced plastic capture abilities. Zhang et al. (2022) suggested that softer
algae with lower cellulose contents can be penetrated more easily by plastic fragments
allowing them to sequester more plastics. This same principle may be true for C. crispus.
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The general trend in bead retention showed the long turfs sequestering more beads than
the short turfs (Figure 10a and 10b). In terms of bead interactions, in the intermediate
category, the long turfs interacted with significantly more beads than the short turfs
(Figure 10d). Although there was no significant difference for bead interactions in the
broad thallus category, they showed the same trend present in the intermediate category
(Figure 10c). C. crispus was sorted into these two thalli width categories (broad and
intermediate) to account for different growth forms with different branching densities.
Because both categories showed the same capture pattern across lengths, this suggests
that length and biomass play a role in microplastic capture. More specifically, the
significant result in the intermediate category suggests that increasing length or biomass
increases microplastic loading capacity. Although I did not statistically compare between
branching categories, both long and short turfs in the intermediate category interacted
with more beads, on average, than their counterparts in the broad category (Figure 10c
and 10d). This further supports the idea that increased biomass, surface area, and denser
branching all contribute to the sequestration of more microplastics. This supports both
my predictions and results of other studies (Feng et al., 2020a; Feng et al., 2020b; Gao et
al., 2020; Gutow et al., 2016; Zhang et al., 2022). C. crispus foam trials were not
successful because all foam captured values appeared negative, indicating that there was
a problem with drying and filter absorbances. Altering the method of foam collection and
weighing could eliminate this problem and allow for the analysis of foam capture
between lengths and branching categories. Expanding the sample size could reveal
significant differences and future research could include testing the algae with different
plastics or in a field setting.
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Overall, the results of this study suggest that water flow is a significant factor in
macroalgal microplastic capture. Biomass, length, and structural complexity, as
previously studied, are also important factors. This study was comprised of relatively
small sample sizes which may account for lack of significant differences in some
instances. Further research in this area is important because algae have been proposed as
a potential vector for microplastics to enter the food web and as a biomonitoring species
and possible bioremediation technique (Feng et al., 2020a; Feng et al., 2020b; Gao et al.,
2020; Gutow et al., 2016; Lestrade 2020; Saley et al., 2019; Sfriso et al., 2021; Zhang et
al., 2022). By understanding how water flow and algal morphology affect sequestration
of microplastics, we can make informed decisions about algal bloom removal, pollution
monitoring, and contamination in mariculture.

Conclusions
This study suggests that water flow, in addition to biomass and branching density,
plays an important role in macroalgal microplastic capture. With the exception of
Cladonia lichens, all mimics and algal species, with varying levels of significance,
showed a trend of long and large turfs retaining and interacting with more beads than
short and small turfs. For foam, the trends varied with mimic and species with the only
significant results appearing for Cladonia where large turfs captured more foam. While
most results from this study align with previous research, contrasting results were seen
with the addition of the waves water flow method which suggests the importance of water
flow in microplastic capture and the need for future studies that include water flow as a
factor in microplastic retention. Further research with expanded sample sizes, different
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plastic types, and interspecific comparison is needed to further deduce the role of
morphology and water flow in microplastic capture. Understanding the factors involved
in microplastic capture could help develop pollution mitigation strategies and reduce the
entrance of microplastics into the marine food web.
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